14. The arcing power supply was an arc welder (Hobart "Porta Tig/Stick," Troy, OH) operating under constant current control, filtered to a residual 3% peakto-peak sinusoidal ripple at 12 kHz when operating at 100 to 300 A between 15 and 25 V. During operation, the voltage drop across the arc was monitored and via a feedback loop; the vertical separation of the electrodes was adjusted to maintain the desired operating voltage. 15 . The five-membered rings (pentagons) that give onionlike particles and closed tube caps their curvature are susceptible to oxidation, in contrast to the perfect graphene tube walls, which are impervious to such oxidative attack. The vastly smaller relative surface area susceptible to etching of long nanotubes compared with their shorter cousins allows the former to outlast the latter under oxidative conditions. This behavior is a manifestation of the one-dimensional nature of carbon nanotubes. 16 . R. E. Smalley, Mater. Sci. Eng. B19, 1 (1993 and in fundamental studies of colloidal interactions and stability (4, 5) . From a technological viewpoint, vesicles are increasingly used in the cosmetics industries as controlled chemical release agents (such as in formulations of lotions, gels, and creams) (6); they continue to be explored for their utility in the food and agricultural industries and are likely to dramatically impact the medical field as drug and gene carriers (7) . We report on the discovery of another vesicle phase in room-temperature mixtures of DMPC, water, and geraniol. Geraniol is a branched long-chain biological alcohol, derived from oil-soluble vitamins, that acts as a cosurfactant (Fig. 1 ). In the DMPC-rich corner of the phase diagram, we observe a lyotropic liquid-crystal multilamellar Lot phase, and in the water-rich corner, an extremely dilute phase of spherical unilamellar vesicles that is similar to the equilibrium vesicle phases (L4) recently observed in similar systems (8) (9) (10) (18), which decreases the bilayer thickness and makes the membranes more flexible. As a result, an enhanced undulation repulsion (15, (18) (19) (20) (21) between mixed lipid-cosurfactant bilayers enables dilution of the stacked membrane phase to interlayer spacings much larger than the membrane thickness [which is typical of rigid membranes (4, 22) ].
The ternary phase diagram of DMPCgeraniol-water system at 25°C (Fig. 1) 
to phase separation, giving rise to a bluish and transparent L, phase on the surface that coexists with a lamellar La phase that settles to the bottom of the sample vial. In Fig. 1 We made a mixture of 76 weight % water, 18 weight % DMPC, and 6 weight % geraniol with a well-defined interface ( Fig. 2A) . Cryogenic transmission electron microscopy (cryo-TEM) has shown that the bottom phase consists of dilute spherical vesicles (L4) (Fig. 1) and that the upper phase is the L, phase. The top phase shows rather dramatic flow effects (Fig. 2B) 2C ) show that it is quite viscous, between 22 and 24 times the viscosity of water, and shows a slight thickening tendency over four decades of shear rate. Analyses with cryo-TEM, optical microscopy, and x-ray scattering show, in fact, that the Lt, phase consists of bilayer sheets in the form of tubular vesicles, unlike the "living polymer" (25) systems consisting of self-assembled cylindrical micelles. This difference may account for the observation of the inverse Weissenberg effect under flow (Fig.  2B) . We prepared the cryo-TEM samples by spreading the sample into a thin (<100 nm) film on a holey-carbon grid (Pella, Redding, California); the grid was then frozen by plunging it into liquid ethane cooled by liquid nitrogen. Plunging resulted in vitrification of the solvent, and the solution microstructure was preserved. We avoided evaporation losses and temperature effects by preparing the films in a temperature-and humidity-controlled environmental chamber (26). The films were examined at -170°C in a JEM 2000FX (Peabody, Massachusetts) scanning transmission electron microscope with a GATAN (Pleasanton, California) cryotransfer system. spanning the field of view (>10 ,um long).
The image shows concentrically wrapped bilayers that bulge at regular intervals. A majority of these vesicles have spindle-shaped structures with the cylinder diameter varying along their length from greater than 100 nm to almost the width of a single membrane tether. The individual bilayers are well separated from each other, indicating a more repulsive interaction [most likely enhanced undulation repulsion (15, (18) (19) (20) (21) ] between the bilayers than found in the lamellar phase, in which the bilayer spacing is about the same as the bilayer thickness (22). A thicker area of the cryo-TEM specimen (Fig.  3B) shows that these tubular vesicles can be highly entangled and take on a variety of spherical and cylindrical shapes. This level of entanglement is consistent with the Weis- On larger length scales, we observed tubular and elongated multilamellar vesicles with optical microscopy using both differential interference contrast (DIC) (Fig. 4A) and phase contrast (Fig. 4B) . Here, however, the tubules were observed on a much larger scale both in diameter (-1 ,um) and length (-100 ,um), although the general tubular morphologies observed seem independent of the length scale. The microscopy images show that the predominant morphology for the L, phase is a dense cross-linked network of multilamellar tubular vesicles. The images reveal an abundance of conformations of tubular vesicles, most of them appearing entangled, but occasionally flow-induced alignment was observed. On rare occasions, we observed breakage of the long vesicles followed by a slow retraction of the ends. Microscopy also reveals that these cylindrical vesicles coexist with some extremely large spherical vesicles that are often highly convoluted and multilamellar. In the case of accidental flow, the vesicle structures elongated and with- The similarities of the cryo-TEM tical micrographs is striking even thi dimensions differ by almost two magnitude. In thin specimens prel electron microscopy, vesicles large few micrometers in diameter were from films, and hence, only smal cles were imaged. Vesicles of s were not observed in optical mix images because they were beyond olution limit. However, the c( electron and optical micrograpi that the tubule diameters span from tens of nanometers to m crometers, with their length appi macroscopic dimensions.
In situ structural studies were ca with x-ray scattering on samples o and La phases both at our in-house] Research Laboratory x-ray facility much smaller wave vectors, on bh VI-2 at the Stanford Synchrotron 
